var numbers[100] ;

function siftDown (root, bottom) {
var done ; var maxChild ; var temp ;
done = false ;
while (root * 2 <= bottom and not done) do {
if (root * 2 == bottom) then {
maxChild = root » 2
}
else if (numbers[root * 2] > numbers[root * 2 + 1]) then { maxChild = root * 2 }
else { maxChild = root » 2 + 1 }
if (numbers[root] < numbers[maxChild]) then {
temp = numbers[root] ;
numbers|[root] = numbers[maxChild] ;
numbers [maxChild] = temp ;
root = maxChild
}
else { done = true }
}

return 0

function heapSort (size) {
var temp ; var i ;
i= (size / 2) -1 ;
while (i >= 0) do {
call siftDown(i, size - 1)
i=1i-1

’

}

i = size - 1 ;

while (i >= 1 ) do {

temp = numbers[0] ;

numbers[0] = numbers[i] ;
numbers[i] = temp ;
call siftDbown(0, i - 1) ;
i=1i-1

}

return 0

function main() {

var x ;

X = read() ;

for i = 0 to (x — 1) do {
numbers[i] = read()

}

call heapSort (x) ;

for i = 0 to (x - 1) do {
write (numbers[i])

}

return 0

Figure 10.1: Heap-sort in SIMPLE

432



10.1 Untyped SIMPLE

‘K—Annotated Syntax of Untyped SIMPLE

Varld
Exp

Decl

Stmt

FunDecl

Pgm

all identifiers; to be used as names of variables and functions
Int| Bool| Varld

Varld| Exp] [strict(2)]
read()

Varld Listi)f{ Exp} [ strict]
Exp + Exp [strict, extends + pmix i Int]
Exp— Exp [strict, extends — ppix Int—Int)
Exp + Exp [strict, extends * [pix fnt—Int)
Ezp [Exp [strict, extends quotientp, sy mi— me
Exp%Ezp [strict, extends remainderinix int—nt)
-Exp [strict, extends —ni nt]
Exp < Exp [strict, extends <pnixint—Bool]
Exp <= Exp [strict, extends <inixint—Bool)
Exp> Exp [strict, extends > nixint—Bool]
Exp>= Exp [strict, extends > pixnt—Bool)
Exp == Exp [strict, extends =pnixint—Bool]
Ezp = Exp [strict, extends # mixint—Bool)
Ezp and Ezxp [strict, extends ABooix BoolsBool)
Ezxp or Exp [strict, extends V Booix BoolsBool]
not Exp [strict, extends =Booi—Bool)
var Name | var Name[ Nat]

Decl; Decl [dl; dQ - dl ~ dz]

{} [{} -]
{Stmt} [{s} — 5]
{ Decl; Stmt}

Stmt; Stmit [s1;82 — 81 ~ s2]
write( Exp) [ strict]
Varld = Exp [strict(2)]
Varld] Exp] = Exp [strict(2,3)]
if Ezp then Stmt else Stmt [strict(1)]
if Ezp then Stmt [if e then s —if e then s else -]

while Exp do Stmt
for Varld = Exp to Fxp do Stmt

[for i = €1 to ex do s — {var i; i = eq; while (i <=e3) do {s;i=i+1}}]
call Ezp [ strict]
return Exp [ strict]
function Varld List® { Varld} Stmt
List _ {FunDecl}
FunDecl
Decl; FunDecl [d; fd— d ~ fd]
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‘K Semantics of Untyped SILF‘

call main() p fd
<£ ) )k < x> ')env ( v '>store
( x[n] Yk {P)env (T )store

<f('Ul) ~ k)k < : "')fstack < 14 )env <Pl>genv ( o >store < l

s (p,k) P[] o[vl/1]] U+ |2

(var x >k < 14 >env ( ! >nextLoc
p[l/CC] l+Loc 1

<Var x[n] )k < 14 )env ( ! )nextLoc
pll/x] l+10em

<.1‘ =v )k <p>env ( a )store

(x[n] =v >k (p)env < o >store
‘ o[v/plx] +roc 1]

if true then s; else s9 — s

if false then s; else sy — 39

(while b do s -++)x — (if b then (s;while b do s) -+ )k
call v — .

(return U~ —)k ((P;k) "'>fstack ( )env

v~k p

435

)nextLoc < function f(‘rl) S "')functions wh

[



